Triozoida limbata is considered one of the leading pests of guava crop in Brazil. Its nymphs are responsible for sucking leaf borders, causing curling and drying of the leaves, and leaving them with a necrotic appearance. Knowledge of the spatial distribution of nymphs of T. limbata is essential for improving sampling and control techniques. The objective of this study was to perform probabilistic analyses of patterns of spatial distribution of nymphs of T. limbata in guava orchards. The study was conducted in four guava orchards in Ivinhema, Mato Grosso do Sul, Brazil. Samplings were performed every 15 days, from April 2012 to March 2014. To obtain the nymph counts, a sampling area was demarcated in each orchard, comprising 50 sampling units. In each unit, a sample was taken randomly from a shoot of 10 cm to 15 cm in length at the median height of the central plant. Dispersion rates were calculated (variance/mean ratio, Morisita index, and Exponent k of Negative Binomial Distribution) and the data obtained in the field were adjusted to the theoretical frequency distributions (Poisson and Negative Binomial). Following the analyses, we concluded that nymphs of T. limbata in the studied populations were randomly organized in the four areas that were evaluated, and the sampling data have been adjusted to the Poisson distribution model.
Introduction
During its development, guava is attacked by various pest insects that cause different types of damage (Sá, 2011) . These insects represent the main obstacles to cultivate guava because they reduce the yield and quality of fruits (Yana et al., 2010; Ndankeu et al., 2011) . The species Triozoida limbata Enderlein, 1918 (Hemiptera: Triozidae) is considered as one of the leading crop pests in Brazil (Colombi & Galli, 2009 ).
Adults of T. limbata have transparent wings without stigmata, displaying radial wing nervures, and the middle and first cubital nervures emerge from a single point. They are greenish in color and measure around 2.0 mm to 2.4 mm in length (Taylor et al., 2010) . Eggs are laid on branches, shoots, and new leaves. Later in the laboratory, we found that 19 to 92 eggs were laid per female with an egg incubation period of 7 days to 9 days and a nymphal stage between 29 days and 35 days.
Nymphs, which are responsible for the damage of guava plants, are flattened in shape with a pinkish color, and are covered by a whitish, waxy excretion. As they suck the sap at the edges of the leaves, they inject toxins (Munyaneza et al., 2010) , making leaves curl and become dry, and causing the appearance of necrosis (Dalberto et al., 2004; Yana et al., 2010; Ndankeu et al., 2011) .
The control of T. limbata is based on the application of insecticides but there is not much concern about the population density and economic losses (Hassani et al., 2009) . Furthermore, the knowledge of spatial distribution of the insect is not taken into account, a factor that is of vital importance for establishing the best sampling criteria and determining the most appropriate moment to apply pest control.
To determine the pattern of spatial arrangement of a given species, it is necessary to have data on the number of individuals. For this purpose, the ecosystem in question needs to enable the performance of samplings (Fernandes et al., 2003) . These samplings, according to L. J. Young and J. H. Young (1998) , can be used to draw inferences about either the form of distribution of the population sampled or the characteristics of this
The evaluation of nymphs in each area comprised 50 sampling units. In each unit, one shoot from 10 cm and 15 cm in length was sampled, which was randomly taken from the median height of the central plant in each plot where the number of nymphs was counted every 15 days.
For data analysis, the square root transformation of x + 0.5 was used (Zucareli et al., 2009 ). The mean and variance (S 2 ) in the number of nymphs of T. limbata were obtained on each sampling date, taking the relationship between these values as an indicator of spatial distribution (Elliott, 1979) . The dispersion indices, described below, were calculated for each of the samplings performed.
Variance/mean ratio (I): values equal to the unit indicate random spatial distribution; values lower than the unit indicate uniform distribution, and values greater than the unit represent aggregate distribution (Rabinovich, 1980) . Spatial randomness can be tested by the chi-square test with n-1 degrees of freedom, χ2 = (n − 1) S 2 /m (Elliott, 1979 ).
Morisita Index (I  ): this index is relatively independent of the average and number of samples. Thus, when I δ = 1, the distribution is random; when I δ > 1, the distribution is of the contagious type, and when I δ < 1, this indicates a regular distribution (Morisita, 1962) .
Exponent k of the negative binomial distribution (k): this is an appropriate dispersion index when the size and number of sampling units are the same in each sample. Often, this is influenced by the size of the sample units. This parameter is an inverse measure of the degree of aggregation, and in this case, negative values indicate a regular or uniform distribution; positive values, close to zero, indicate aggregate arrangement; and values greater than eight indicate a random distribution (Southwood, 1978; Elliot, 1979) . On this aspect, Poole (1974) uses another interpretation: when 0 < k < 8, the index indicates aggregate distribution, and when 0 > k > 8, this indicates random distribution.
The theoretical frequency distributions used to evaluate the spatial distribution of the species observed in the field were also used. These distributions are presented below, according to L. J. Young and J. H. Young (1998) : Poisson Distribution, also known as random distribution, is characterized by the variance that equals the mean (S 2 = m); Negative Binomial Distribution presents greater variance than the average, thereby indicating aggregate distribution, in addition to having two parameters as follows: the mean ( ) and parameter k (k > 0).
The chi-square adhesion test was performed to check the adjustments f of the data collected in the field regarding the theoretical frequency distributions. Therefore, we used the chi-squared adhesion test, which compares the total frequencies observed in the sample area with the expected frequencies, according to L. J. Young and J. H. Young (1998) . These frequencies are defined by the product of the probabilities of each class and the total number of sampling units used. For this test, it was decided to establish a minimum expected frequency that equals the unit. Statistical analysis was performed using the chi-square test at the levels of 1% and 5% probability.
Results and Discussion
Forty-eight samplings were performed in each field. A total of 30,973 nymphs of T. limbata were observed in guava leaves. During the two years of samplings, population peaks occurred between October and December in areas 1 and 4. In areas 2 and 3, the highest populations were recorded between March and May. The large number of individuals sampled in the orchards was probably due to the presence of young leaves of guava during the sampling period. This fact promoted ideal conditions for the multiplication of T. limbata (Melo, 2009) due to the scaled pruning method, which favors the production of guava fruits all year round (Hojo et al., 2007) . The periods in which the peaks of occurrence of the insect were recorded happened simultaneously with the intense presence of the shoots.
It should be noted that the values of the variances were lower than the averages in thirty-six samplings performed in area 1 (Table 1) , forty-six samplings in area 2 (Table 2) , thirty-seven samplings in area 3 (Table 3) , and forty-four samplings in area 4 ( Table 4 ). The variance/mean ratios were significantly equal to the unit in forty-six samplings in area 1 (Table 1) ; the same occurred in forty-seven samplings in area 2 (Table 2) , forty-six samplings in area 3 (Table 3) , and forty-eight samplings in area 4 ( Table 4) .
The values of the Morisita Index found in these samples, and confirmed by the spatial randomness test, demonstrated that results were significantly equal to the unit in forty-two samplings in area 1 (Table 1) , forty-seven samplings in area 2 (Table 2) , forty-five samplings in area 3 (Table 3) , and forty-eight samplings in area 4 (Table 4) .
The values of the K parameter in area 1 were negative in thirty-six of the samplings, and positive and higher than 8 in 11 samplings (Table 1) ; in area 2, the values were negative in forty-six of the samplings (Table 2 ); in area 3, thirty-seven samplings had negative values and 10 were higher than 8 (Table 3) ; and in area 4, values in forty-four of the samplings were negative (Table 4) . ns Non-significant at 5% probability; un uniform; al Random; -mean; S 2 -Variance; I -Mean-variance ratio; I δ -Morisita index; K -Exponent of the negative binominal; X² -calculated chi-square.
The three indices of spatial distribution used in this research indicated that the spatial arrangement of the nymphs of T. limbata was random in both areas studied. This is in contrast with the results found for the guava orchard of the Paluma cultivar, in which the pattern of distribution was aggregate (Marcelino, 2013) .
Regarding the test of frequency adjustment of numerical classes of the nymphs of T. limbata observed in area 1, the values of the chi-square test were not significant for Poisson distribution in forty samplings, indicating that the distribution is random. For negative binomial distribution, all forty-one samplings presented significant chi-square values, indicating that the distribution was not aggregate. We also found that, in thirty-two samples in area 2, the chi-square values were not significant for Poisson distribution, but in sixteen samplings, values were significant. All thirty-six samplings tested for negative binomial distribution were significant, indicating that the distribution was not contagious (Table 5) . * Significant at 5% probability; ns Non-significant; i insufficient of classes; X 2 -chi-square value calculated; DFdegree of freedom; nc -number of classes observed at field.
Considering adjustments of the frequencies for areas 3 and 4, forty-seven samplings were not significant for Poisson distribution. For negative binomial distribution, forty-eight samplings were significant in area 3 and forty-seven samplings in area 4, indicating that the distribution was not aggregate (Table 6 ). Marcelino (2013) , which adjusted the negative binomial distribution. Similar results were also reported for another representative of the family Triozidae, Bactericera cockerelli, which is considered a pest of potato, bell pepper, and tomato (Prager et al., 2013 (Prager et al., , 2014 .
The random distribution is considered the least common distribution of contagion in nature, occurring when members of the species are located, generally, in a homogenous environment, where an individual's position is independent of others' positions (Taylor, 1984) . In this form of arrangement, the energy expenditure on reproduction is lower, as males can find females without having to extensively search in the area (Shea et al., 1993) . In addition, the population gains greater genetic variability because insects that come into the crop can find reproductive partners more easily (Diekötter et al., 2008) . Therefore, it would be difficult for the entire www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 2; 2015 population to be affected (Courtney, 1986) .
Taking into account that the damage is also distributed in a random manner, the applications of insecticides, either at the wrong time or in an uneven manner, could undermine the efficiency of the integrated pest control as various individuals in the population may not be reached. Under these circumstances, the surviving insects could remain in the crop with enough energy to reproduce and begin a new cycle of attack (Alves, 2012) .
Information of the spatial arrangement of the nymphs of T. limbata is of vital importance to establish the best sampling criteria and determine the best moment to apply the pest control. Our results will contribute to the development of future sequential sampling plans for T. limbata in order to define the exact number of sampling units that should be used.
Conclusion
Nymphs of Triozoida limbata in the studied populations were randomly organized in the four areas that were evaluated, and the sampling data have been adjusted to the Poisson distribution model.
